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型ホスホリ/i-ゼA 2の活性化に大きく関与しているp42/44 MAP kinase




ている｡そこで本研究は､ MAPキナ-ゼフ7ミリーすなわちERK､ p38 MAPkinase









ラット肥満細胞株RBL-ZH3はDr. MjchaeJA. Beaven (NJH, U.S.A.)から､また､
Am80, Re80, HX600およびLE5J40は首藤教凄(東京大学大学院薬学研究科)から供
与された｡ Dexamethasone (Sigma Chemical Co., U.S.A.), wortmanninおよび
LY294002 (BiomoJ Research Laboratory, U.S.A.). PD98059 (New England
BJ'oJabs, U.S.A.) , SB203580 (CaJbiochem-Novabiochem Co., U.S.A.). AntJ'-
C-JuP.. anti-JNK､ antJ'-P38､およびanti-MEKKl (Santa Cruz Biotechnology,
U.S.A.)､ antトphospho-p38, anti-phospho-ATF-2およびantトphospho-C-Jun
(New England Biolabs, U.S.A.), GST-C-Jun (Stratagene, U.S.A.). GST-MEK-1
(Upstate BiotechnoJogy Jnc" U.S.A.), GJuthathione-Sepharose (Pharmacja
Biotech, Sweden)､ 32P-ATP (DuPont/MEN, U.S.A.)およびルー4 ELISA kit
(BioSource JnternationaJ, U.S.A.)はそれぞれ鹿入した｡
2-2　RBL-ZH3細胞の培養と刺激
RBL-2H3細胞5x l05 ceJIsを12weH-cJusterdishの各weJJに加え､ 10%
■
FBS及びIgE (DNP特異的JgE産生ハイブリドーマ培養上清) 5LLr/mJ存在下で一晩培
養した｡ PJPES護衛液(25 mMPJPES, pH7.2, 119 mMNaCl, 5 mMKCI, 5.6mM










buffer (25 mM Tris, pH 7.5, 25 mM NaCt, 0.1 mM Na3VO4, 2 mM EGTA, 1









RBL-2日3細胞(5 x105 ce一一s)を上述のようにIgEで感作したのち､ 5%(V/V) FBS
を含むE'MEMで3回洗浄後､ 5%(V′V) FBSおよび抗原DNP-HSA (最終濃度50
ng′ml)を含むE'MEMを200山加え･ 4時間培養した｡嘩液上着を回収して､遠心
(220xg, 5min,4℃)し､その遠心上着0.1 mJをIL-4ELISAキット(sensi-





テンプレ-トとした｡ JL14については､プライマーとして､ (former) 5TIACCTTGCT
GTCACCCTGTTCTTGC-3 ■および(reverse) 5 --GTGTGAGCGTGGACTCATTC-3-香






浄し､ 200BlJのホモジナイズ用緩衝液(10mMTris, pH7･5, 5 mMMgCJ2, 1 mM
dithiothreitoI, l mM EGTA, 50 mM NaF, 2.5 mM p･nitrophenylphosphate, 1 mM
Na3VO4, 1 0 pg/m‖eupeptjn)を加えて細胞を回収した｡回収した細胞浮遊液は氷上に






































the antigen-induced JNR activation and
C-Jun phosphorylation ･
(A) ZgE-Sensiti2;ed cells were stimulated by the antigen DNP-ESA (50 ng/ml)
for the indicated period of tine. The cell lysates were prepared and JⅣK was
pulled down with GST-C-Jun1-79･ Detemination of JNR activity was carried out as
described in .一光aterials and Hethods".　Zn a corresponding Set Of cultures, the
phosphorylated c-Jun at Ser 73 in the cell lysate was detected by
iznnunoblotting. (a) The fold-increase in J打R activity and the content of
phosphorylated c-Jun in the cells were detemined by densitonetric analysis･
The results were confirmed by the two independent experinents･
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3-1-2 JNKの活性化とC-Junのリン酸化に対するdexamethasoneの効果








































Fi9tLre　2 ･ Effects of various concentrations of dexa皿ethasone on the anti9en-
induced JⅣR activation and c-Jun phosphorylation.
RZIL-2E3 cells were incubated at　370C for 18　h in the presence of　工gE and
the indicated concentrations of dexamethasone.　The cells were then stimulated
by the antigen D肝-ESA (50 ng/ml) for 40 min. (A) JNR activity was detemined
as described in the legend to Fig. 1.　The content of JNR protein Was detemined
by iznnunoblotting. (a) The levels of phosphorylated c-Jun at Ser 73 and c-Jun
were deter7nined by iznnunoblotting･ (C) m activity and the content of the
phosphorylated cIJun and JⅣR protein were detemined by densitonetric analysis ･
The results were cozlfirmed by the two independent experiments.
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Fi9tLre　3. Tine course of the inhibition of JNR activation by dexanethasone･
RBL-2E3 cells were incubated at 370C for 18　h in medium containing zgE.
Dexa皿ethasone was added to the mediun 0, 12, or 15 h after the beginning of the
incubation at a final concentration of 100 nX.　The cells were then washed twice
and st血Iated by the antigen DNP-ESA (50 ng/皿1) for 40 Ⅱ止n in the absence of
dexa皿ethasone. JyR activity was detemined as described in the legend to Fig･
1. The density of JNR activity in the antigen-stimulated cells without
pretreat皿ent With dexazbethasone is set to lOO　%･ A Closed circle represents the
level of JⅣR activity in the non-Stinulated cells. The results were confirmed









Fi9tLre　4. Effects of dexamethasone on the activation of HERR-1･
RZnl2E3 cells were incubated at 370C for le h in the presence of　工gE and
the indicated concentrations of dexa皿ethasone.　The cells were then stiJnulated
by the antigen vith DNP-ZISA (50 n9/ml) in the absence of dexamethasone. (A)
XERR-1 activity 20 凪in after the antigen stimulation was determined as described
in　什Haterials and Hethods一一.　℡he fold-increase in HERR-1 activity was detemined
by densitonetric analysis.　The vertical bars represent S.E.光. of　3 experizBentS.
Statistical significance=　*p<0.01 vs･ the antigen control･ (B) The content of
HERR-1 protein 20 nin after the antigen stimulation was detemined by





















Figtlre 5･ Tine course of ZL-4 mRm levels and ZL14 production in the antigen-
stiAulated RBI.-2ZI3　ce11S.
ZgE-sensiti2;ed RBL-2ZI3 cells (1 Ⅹ 106 cells (A) or 2 Ⅹ 105 cells (B日were
stimulated with DNP-ESA (50 ng/ml) for the periods indicated. (A) Total RNA was
extracted and the levels of mRHA for工L-4 and GApDE were detected by RT-PCR as
described in ''ぬterials and旗ethods". (a) The concentrations of rI.-4 in the
conditioned zDedium were detemined by ELZSA･ Closed squares indicate ZI.-4
Concentrations in the conditioned nediun of unstinulated cells.　Vertical bars







刺激によりERK､ p38MAPK　およびJNKは､それぞれ､ 2分(Fi9･6A)､ 20分(Fig･
7A)および40分(Fig. 1)を最大として活性化する｡ Wortmanninで10分間前処理し
た後､抗原で刺激すると､ ERKの活性化はほとんど抑制されなかった(Fi9. 6B)が､
p38 MAPKのリン酎ヒおよび活性化(Figs. 7Bおよび7C) I.およびJNKの活性化
(Fig. 8)は濃度依存的に抑制された｡
A) ERK一一■ -`一一一i'l一品▲i -i-
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Fi9tlre　6･ Antigen-induced activation of ERR and effects of wortnannin･
(A) ZgEーSenSiti2:ed RBLl2ZI3 cells (5 Ⅹ 105 cells) were stimulated with DyP-
zISA (50 ng/ml) for the periods indicated･ (a) The cells were preincubated for
10 nin in the presence of the indicated concentrations of wortnannin, then
stimulated with DNP-ESA (50 ng/nl) for 2 nin in the continued presence of
wortnannin. proteins in the cell 1ysate were separated by electrophoresis on an′
8% SDS-PAGE gel and ERR vas iznnunoblotted. Phosphorylated ERR ( P -ERR) and
unphosphorylated ERR (ERR) are indicated. The numbers in parentheses in panel B
indicate the proportion of the phosphorylated ERR as detemined by densitometric




















Figtlre　7 ･ Antigen-induced activation of p38比ApR and effects of wortmannin.
(A) ZgE-sensiti2:ed RBL-2Ⅱ3 cells (5 Ⅹ 105 cells) were stimulated with DNPI
ESA (50 ng/ml) for the periods indicated･ (a) ZgE-Sensiti2:ed RBI･-2ヱ3 cells (5 Ⅹ
105 cells) Were preincubated for 10 凪in in the presence of the indicated
concentrations of wortmannin, then stimulated vith DNp-ZISA (50 ng/ml) for 20 nin
in the continued presence of wortnannin･ proteins in the cell lysate were
separated by electrophoresis on an 8% SDSIPAGE gel and p38比APR and phospho-p38
HAPR were iznnunoblotted･ The nu血bers in parentheses in panel a indicate the
increase in phospho-p38胞PR as detemined by densitonetric analysis･ The value
of the unstinulated control is set to l･0･ (C)工gE-sensiti2:ed RBL-2Ⅱ3 cells (1
Ⅹ 106 cells) Were treated as described in (B), and the p3e HApR activity in the
cell lysate was detemined as described in ''J4aterials and Xethods".　The
Phosphorylation of ATF-2 was analyzed by autoradiography and a BioiAage
analy2:er･　The value of the unstinulated control is set to 1.0. The results vere








Figtlre e･ Effects of PZ3-kinase inhibitors on the antigen-induced JⅣR
activation.
ZgE-sensiti2:ed RBL-2ZI3 cells were preincubated at 370C in the presence or
absence of the indicated concentrations of 帆)rtmannin for 10 nin, orエーY294002
for 30 凪in. The cells were then stimulated by the antigen DyP-ESA (50 ng/ml)
for 40 Zbin in the presence or absence of the inhibitor畠･ JNR activity was
deterAined as described in the legend to Fig. 1. The values at the top of each
lane indicate relative JⅣR activity. The JⅣR activity of the cells stimulated
by the antigen Without the inhibitor was expressed as lOO･ The results were













果について検討した｡ PD98059はERKの活性化を抑制する濃度(Fig 1 lA)で)L-4
産生をむしろ増加させた(Fig. 1 1B) ｡一方､ SB203580はp38 MAPKの活性を抑制す
る濃度(Fig. 12A)で､ IL-4産生を濃度依存的に抑制した(Fig･ 12B)｡このとき､ IL-4
mRNA量も同様に低下した(Fig. 1 2C)｡
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Fi9ure　9･ Effects of wortnannin on the antigen-induced ZL-4 production･
=gEISenSitiZ:ed RBI･-2Z13 cells (2 Ⅹ 105 cells (A) and (B) or 1 x 106 cells
(C日　Were treated for 10 min in the presence of the indicated concentrations of
wortmannin' then stimulated vith DNP-ELSA (50 ng/皿1) in the continued presence of
wortnannin･ The concentrations of rLl4 in the conditioned nediun (A) and in the
cells (B) at 4 h were detemined by ELZSA･ Vertical bars represent S.E.H. from
4　wells.
Two hours after the antigen stiJnulation, total RNA was extracted and the
levels of EiRNA for ZL-4 and GAPDE were detected by RT-PCR as described in
"Materials and J4ethods-I (C)･ The ratio of工L-4 mRNA density to GAPDtl mRKA
density was detemined in three independent experiments and indicated in the
lower pane1･ The density ratio of the antigen-stimulated control is set to 1.0.
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Fi9ure 10.　Effects of IJY294002 0n the antigen-induced工L-4 production･
ZgE-Sensiti2:ed RBIJ-2E3 cells (2 Ⅹ 105 cells (A) or 1 x 106 cells (B)) Were
treated for 10 nin in the presence of the indicated concentrations of LY294002,
then stimulated With DNP-ESA (50 ng/ml) in the continued presence of LY294002･
The concentrations of ZL-4 in the conditioned nediun at　4　h were detemined by
EI.IBA (A). Vertical bars represent S.E.A. from 4 wells･ Statistical
significance; *P<0.05 and ★★★P<0.001 vs･ the antigen-stimulated control･
℡vo holユrS after the antigen stimulation, total RKA Was extracted and the
levels of nRNA for ZL-4　and GAPDE were detected by RT-PCR as described in
"Materials and J4ethods" (Zl).　℡he nuzDbers in parentheses in panel a indicate the
ratio of ZL-4血Rm density to GApDE血Rm density. The density ratio of the
antigen-stimulated control is set to l･0.













Figure ll.　Effects of PD98059 0n the antigen-induced ERR activation and　工IJ-4
production.
ZgE-sensitiZ:ed RBL-2ZI3 cells (5 Ⅹ 105 cells (A) or 2 Ⅹ 105 cells (a)) Were
preincubated for 10 Bin in the presence of PD98059 at the indicated
concentrations, then stiJnulated vith DNPIESA (50 ng/ml) for 2 nin (A) or 4　h (a)
in the continued presence of PD98059. (A) ERR activation was detemined as
described in the legend to Fig. 3.　℡he numbers in parentheses indicate the
proportion of the phosphorylated ERE ( P -ERR) as detemined by densitometric
analysis. (zl) The concentrations of ZIJ14 in the conditioned nediun at 4　h was
detemined by EIJZSA.　Vertical bars represent S.E.H. from 4　we11S.　The results
were confirmed by two additional independent experiments.　Statistical























Fi9tLre 12･ Effects of SB203580 0n the antigen-induced activation of p38比ApR
and ZIJ-4　production.
(A) ZgE-sensitized RBL-2E3 cells (1 Ⅹ 106 cells) were stimulated with DNP-
ESA (50 ng/ml) for 20 min･ Rinase activities in the anti-p38 HAPZ(
inunoprecipitates from the cell 1ysates were detemined in the presence of the
indicated concentrations of SB203580. (B) ZgE-sensitized cells (2 Ⅹ 105 cells)
Were preincubated for 10 nin in the presence of the indicated concentrations of
SZ1203580. then stimulated for 4　h with DyP-ZISA (50 ng/ml) in the continued
presence of SB203580.　The concentrations of ZI.-4 in the conditioned mediun were
detemined by EuSA･ Vertical bars represent s.王.H. from 4 wells. The results
were confir7Bed by two additional independent experinents. (C) Two hours after /
the addition of the antigen, total ZuA was extracted and levels of血m for ZL-4
and GAPDZI were detected by RT-PCR as described in ''九aterials and J4ethodsl'.　The
ratio of ZL-4血Rm density to GAPDE瓜A density was detemined in three
independent experinentsr and the results are indicated in the lower panel in c･
The density ratio of the st血lated control is set to 1.0.　Statistical
slgnificancer･ **p<0･01 and H*p<0･001 vs･ the antigen-stimulated control･ The
results were confirmed by two additional independent experinents･
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3-3　レチノイドのJL-4産生抑制作用











100 nMによるJL-4産生抑制作用を濃度依存的に抑制した(Fig. 1 5)｡
















Fi9tlre 13･ Effects of Re80 and Am80 0m the antigen-induced工L-4 production by
RBL-2Z13　ce11S.
=gEtSenSiti2;ed RBL-2Ⅱ3 cells (2 Ⅹ 105 cells) were stimulated with DNP-ESA
(50 mg/ml) in the presence or absence of Re80 or Am80･ The concentrations of
ZL_4 in the conditioned nediun at 4 h were detemined by EIJZSA. Vertical bars
represent s･E･H･ from 4 wells･ Statistical significance; *P<0･05, **P<0･01 and
**.p<0.ool vs. the antigen-stimulated control･ The results were confirmed by
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Figure 14･ Effects of Re80 and Am80 0n the antigen-induced increase in工L-4
mRNA.
ZgE-SenSitiZ:ed RBIJ-2tI3 cells (2 Ⅹ 106 cells) were stimulated With DNP-ESA
(50 ng/ml) in the presence or absence of Re80 or Am80･ Two hours after the
antigen stinulationr total RNA was extracted and the levels of血Rm for工L-4 and
GAPDE were detected by RT-PCR as described in一一斑aterials and Hethodsn･ The
ratio of　=L-4血R封A density to GAPDE mRm density was detemined in three
independent experiments and indicated in the lower panel･ The density ratio of
the antigen-stimulated control is set to l･0･ Statistical significance;'*P<0･01
and　★★★P<0.001 vs. the antigen-stimulated control.
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Figure 15. Effects of combination of the EAR antagonist I･E540 vith Re80 and
An80 0n the antigen-induced ZIJ-4 production･
zgE-sensitized RBIJ-2ZI3 cells (2 Ⅹ 105 cells) were Stinulated With DNP-ZISA
(50 ng/ml) in the presence of Re80 or Am80 With or Without LE540･ The
concentrations of rI.-4 in the conditioned medium at 4　h were detemined by
EI.IBA. Vertical bars represent S.E.光. from 4 wells. Statistical signif
icance;***P<0.001 vs. the
antigen-stimulated control. #p<0.05 vs. Re80 or Am80 alone･ N･D･ indicates ''not
detectedp.　The results were confined by two additional independent
experiznents.
(luJ6d)>･1l







Fi9ure 16. Effects of combination of the RXR agonist EX600 with Re80 and Am80
0n the antigen-induced ZL-4　production.
ZgE-sensiti2:ed RBL-2Z13 cells (2 Ⅹ 105 cells) Were stimulated with DNP-ESA
(50　mg/ml) in the presence of Re80 or An80 vith or Without EⅩ600. The
concentrations of ZL-4 in the conditioned nediun at 4　h were detemined by
EIJ工SA. Vertical bars represent S.E.H. from 4 wells.　Statistical significance;
*P<0･05 and **P<0･01 vs･ the antigen-Stinulated control, #p<0･05 and #p<0･01
vs. Re80　or Am80　alone.　N.D. indicates I-not detected'..　The results were
confirmed by two additional independent experiJbentS ･
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Figur曹17 ･ Effects of cyclosporin A On the antigen-induced ZL-4 production･
工gE-senSiti2:ed RBI･-2Z13 cells (2 Ⅹ 105 cells) were stimulated with DNP-ⅡSA
(50 ng/ml) in the presence or absence of cyclosporin A･ The concentrations ofm_4 in the conditioned medium at 4 h were detemined by EIJZSA. Vertical bars
represent s･E･光･ from 4 wells･ Statistical significance; *P<0･05, ***P<0･001
vs. the antigen-stimulated control･ N･D･ indicates mnot detectedl'･ The results

















Figtlre 18.　Effects of dexazbethasone on the tranS10cation of Raf-1.
RBIJ-2tI3 cells were incubated at　370C for 18　h in the presence of ZgE and
the indicated concentrations of dexaJnethasone.　The cells were then stinulated
by the antigen DNP-ESA (50 ng/ml) for 1 nin.　The me血brane fraction Was

















































産生およびJL-4 mRNAの増加を濃度依存的に抑制し(Figs. 9および12)､ PD98059
















element (CRE)はJL-4の上流には見出されていない(23-25)｡ p38 MAPKはまた､
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